Th1-type cells is considered to be the predominant host defense against mucosal candidiasis, the immune factors associated with susceptibility to OPC in HIV-positive persons are not well understood. This study investigated Candida-specific systemic CMI in HIV-positive persons with OPC and/or VVC. Reductions in delayed skin test reactivity to Candida antigen were observed in HIV-positive persons with CD4 cell counts !200 cells/mL, irrespective of the presence of mucosal infection. Likewise, despite the correlate of OPC with reduced CD4 cell counts in HIV-positive persons, differences in Candida-specific peripheral blood mononuclear cell proliferation and Th1/Th2 cytokine production between HIV-positive and HIV-negative persons were not consistent in a manner to suggest that deficiencies in Candida-specific systemic CMI account solely for the susceptibility to OPC.
cases of VVC, if present, have not correlated with lower CD4 cell counts or systemic immunosuppression [17, 18] .
Cell-mediated immunity (CMI) is considered to be the predominant host defense mechanism against mucosal candidiasis, as evidenced not only by the high incidence of OPC in HIVpositive persons with reduced CMI [1, 19, 20] but also by a similar prevalence under other conditions of T cell immunosuppression (i.e., transplantation, corticosteroid therapy, and treatment for lymphoma [2, 21, 22] ). Furthermore, individuals with chronic mucocutaneous candidiasis (CMC) have reduced Candida-specific CMI [20] ; however, the underlying immune factors specifically associated with susceptibility to OPC and/ or VVC have not been identified. Experimentally, Th1-type responses have been associated with resistance to gastrointestinal and systemic candidal infections in animals, whereas Th2-type responses are associated with susceptibility to infection [23] [24] [25] [26] [27] [28] [29] . In contrast, most experimental studies in animals show that Th1-type CMI in the peripheral circulation is not associated with protection against vaginal Candida infections [30] [31] [32] . Similarly, in the clinical setting, recurrent VVC (RVVC) often occurs in the presence of normal levels of Candida-specific systemic Th1-type CMI [33] [34] [35] [36] . Thus, the natural host defense mechanisms that protect against vaginal Candida albicans infections remain elusive, but point toward local mechanisms.
Host defense against OPC is somewhat clearer and suggests a role for both systemic and local CMI. The correlation of reduced CD4 cells in blood with the appearance of OPC strongly suggests a role for systemic CMI [1, 4, 18] . At the local level, salivary cytokine analysis showed predominantly Th2-type cytokines in HIV-positive persons, whereas HIV-negative persons had a Th0/Th1 cytokine profile [37] .
There appears to be a limited protective role for antibody in either infection, because normal or elevated levels of Candidaspecific serum or mucosal antibodies have been reported in HIV-positive persons with OPC and in HIV-negative persons with RVVC [38] [39] [40] [41] .
There have been several reports suggesting that progression to AIDS in HIV-positive persons is associated with a general immunological shift from Th1-to Th2-type reactivity [42] [43] [44] [45] [46] [47] [48] [49] . Although this paradigm has been challenged [27, 50] , a shift in Candida-specific Th reactivity to a predominant Th2 type may have significant impact on the incidence of mucosal candidiasis during HIV infection by creating a state of susceptibility at the systemic and/or local level. Candida-specific systemic Th1/Th2-type reactivity has not been examined in HIV-positive individuals with either OPC or VVC, although several studies have included Candida in a panel of recall antigens tested in HIVpositive persons [51] [52] [53] [54] . The purpose of this study was to examine Candida-specific Th1/Th2 reactivity in the peripheral circulation of HIV-positive persons with mucosal candidiasis, to better understand the varied susceptibility to mucosal candidiasis during HIV disease. ). HIV-negative persons n p 37 enrolled were required to have no history of repeated episodes of mucosal candidiasis. During initial prescreening, 4 HIV-negative women were excluded from immunological analyses because of either symptomatic VVC or a history of repeated episodes of VVC.
Subjects and Methods

Subjects
Diagnosis of mucosal candidiasis and detection of mucosal yeast colonization. The diagnosis of OPC was made on the basis of the clinical appearance of reddened, atrophic areas (erythematous) or white curdlike plaques on the oral mucosa (pseudomembranous). Nine of the 46 OPC ϩ cases (∼20%) were defined as erythematous [55] . In either case, OPC was confirmed by an oral smear that was potassium hydroxide (KOH) positive and by a positive swab culture. Symptomatic VVC was defined as having signs and symptoms associated with vaginitis (i.e., puritis, edema, burning, and discharge), a KOH-positive vaginal smear, and a positive swab culture. Lateral swab cultures were plated on Sabouraud-dextrose (SAB) and Chromagar (CHROMagar Microbiology) biochemical reactive media and were incubated for 48 h at 35ЊC (SAB) or 37ЊC (CHROMagar Microbiology). Initial speciation was screened for by color on Chromagar. Green colonies were confirmed as C. albicans by germ-tube test. Nongreen colonies were speciated by API biochemical tests (BioMérieux). All cases of mucosal candidiasis were identified as being caused by C. albicans.
CD4 cell counts. CD4 cell counts per microliter of blood were determined at the Damon Laboratories or the Clinical Immunology Laboratory at the Louisiana State University Health Sciences Center, by use of standard flow cytometry.
Delayed skin test reactivity. Delayed cutaneous skin tests were conducted by injecting 0.1 mL of Candida antigen (Allermed Laboratories) intradermally at a site on the forearm. Injection of physiological saline was used as a negative control. Induration was measured at 48-72 h, with у5 mm defined as a positive reaction.
Immediate hypersensitivity testing. Immediate type hypersensitivity scratch test reactions were carried out by placing a drop (10 mL) of Candida antigen (ALK) on the forearm and by drawing a scratch across with the bevel of a sterile needle. Physiological saline was used as a negative control, and histamine was used as a positive control. Induration was measured at 20 min, with erythema defined as a positive reaction or у2-fold larger area of erythema than that for the negative control, if present.
Peripheral blood lymphocyte cultures. Peripheral blood mononuclear cells (PBMC) from each subject were collected from venous blood by density gradient centrifugation by using Ficoll-Paque (Pharmacia Biotech) and were cultured separately with the mitogen phytohemagglutinin (PHA; 20 mg) and 2 Candida antigens, heatkilled blastospores (HKB; cells/mL), or soluble cytoplasmic 6 5 ϫ 10 substances (SCS; 125 mg/mL), as described elsewhere [33] . Controls included cells cultured in medium alone.
Proliferation. Proliferation was detected by (cpm of antigen-stimulated cultures minus cpm of cultures with medium alone), and per CD4 cell based on the extrapolated number of CD4 cells/well, as determined by the number of CD4 cells/mL blood.
Cytokine production. Supernatants from the cultures were collected by centrifugation (800 g) and were stored at Ϫ70ЊC. Supernatants from mitogen cultures were collected 24 h postculture, whereas those from Candida antigen cultures were collected 48 h postculture. These times were found to be optimal for responses to PHA and Candida HKB and SCS, respectively [33] .
Cytokine analysis. Interferon (IFN)-g and interleukin (IL)-12 were quantified with commercial ELISA kits (Genzyme and R&D Systems, respectively) by using human recombinant protein as the standard. IL-4 and IL-10 were quantified by commercial antibody pairs and human recombinant protein standard (PharMingen). Results were expressed as specific picograms per milliliter (subtracting cytokine levels in culture with medium alone from those with antigen).
Statistics. Differences in CD4 cell counts were identified by the Student's t test. Differences in the prevalence of skin test reactivity was identified by the Fisher's exact test. Quantitative differences in PBMC proliferation and cytokine production by PBMC to mitogenic and/or antigenic stimuli were identified by the Kruskal-Wallis test, followed by the Mann-Whitney U post hoc test for specific groups. In all cases, significance was defined as , P ! .05 using a 2-tailed test.
Results
Correlation of CD4 cell counts with the presence of OPC.
We first established that the cohort under investigation had a similar correlation of OPC with reduced CD4 cell counts. Results illustrated in figure 1 Immediate skin test reactivity. Although not a strict parameter of CMI, hypersensitivity by IgE and mast cell degranulation is one means by which pathogenesis of mucosal Candida infection can occur [56] [57] [58] . Thus, we investigated whether immediate hypersensitivity to Candida was abnormally high in those with OPC. The mean rate of positive reactivity to C. albicans by HIV-negative persons was 11.5%. None of the HIVpositive persons demonstrated a statistically significant difference in the percentage of positive responses (data not shown).
PBMC proliferation. PBMCs were cultured in vitro with 2 Candida antigens and were evaluated for proliferation by 3 
PBMC cytokine responses.
In addition to proliferation, supernatants from similar cell cultures were evaluated for Th1-type (IL-12 and IFN-g) and Th2-type (IL-4 and IL-10) cytokine production in response to the 2 Candida antigens. In response to Candida HKB, PBMC from HIV-negative low-risk persons demonstrated a Th0/Th1-type cytokine profile with a mixture of Th1 and Th2-type cytokines, ranking in order, IFN-g, IL-10, IL-12, and IL-4 (figure 4A). Similar results were observed for Candida SCS, although overall cytokine production was lower (data not shown). There was no significant difference in the production of IL-12, IL-10, and IL-4 between PBMCs from HIV-negative low-or high-risk persons and HIV-positive persons, irrespective of infection status or CD4 cell counts in response to Candida HKB or SCS, or of IFN-g production in response to SCS (data not shown). In contrast, production of IFN-g by PBMC in response to HKB by HIV ϩ OPC ϩ or HIV ϩ VVC ϩ persons was significantly reduced, compared with that for HIV-negative high-and low-risk persons ( ; fig-P ! .009 ure 4B). IFN-g production by PBMC from HIV ϩ OPC Ϫ VVC Ϫ persons also was reduced but did not reach statistical significance, compared with that from HIV-negative persons with high-and low-risk behavior, although a significant reduction was observed for all HIV-positive versus HIV-negative persons ( ). No differences were detected between IFN-g pro-P ! .0004 duction for HIV-negative low-and high-risk persons. The only difference between HIV-positive persons was a reduction in PBMC-mediated IFN-g production between HIV ϩ OPC ϩ persons with CD4 cell counts !200 cells/mL and HIV ϩ OPC Ϫ VVC Ϫ persons with CD4 cell counts у200 cells/mL ( ). Finally, P ! .019 there was no distinct pattern for any cytokine production from those with VVC and OPC (specific responses are indicated by arrows in the figure), recurrent infection, or those with erythematous or pseudomembranous OPC (data not shown).
Discussion
The prevalence of OPC, unlike many other oral conditions (i.e., Kaposi's sarcoma, cytomegalovirus infection, and aphthous ulcers), remains a significant problem in both men and women with HIV, despite the use of HAART, and continues to correlate predominantly with diminished CD4 cell counts [1, 4, [7] [8] [9] . On the other hand, although VVC can be common in healthy HIVnegative immunocompetent women, it is a lesser problem than is OPC in HIV-positive women and is not correlated with reduced CD4 cell counts [14] [15] [16] 18] . Indeed, in the present study, the number of cases of OPC ϩ VVC ϩ was relatively small, compared with the total number of female patients (7 of 30), and cases of VVC were identified less frequently than were cases of OPC in the time that the cohort was enrolled (19 vs. 46) . In addition, the cohort of HIV-positive persons evaluated was consistent with previous studies regarding the occurrence of OPC with reduced CD4 cell counts and the lack thereof with VVC [1, 6] . Also, when cases of OPC were stratified according to type, patients with erythematous OPC had higher CD4 cell counts, which supports previous reports suggesting that this variety of candidiasis occurs earlier in HIV disease progression [55, 59] .
Irrespective of the discordant prevalence rates of OPC and VVC during HIV disease, the specific immunological factors predisposing to infection are not clear. This includes any explanation for the correlate of reduced CD4 cell counts in OPC. Although several studies have included Candida antigen in the panel of recall antigens to monitor or evaluate immune reactivity during HIV disease [51] [52] [53] [54] and have reported reduced responsiveness during progression to AIDS [51, 53] , no studies have evaluated Candida-specific responses in those with or without mucosal candidiasis.
To this end, the rates of positive delayed cutaneous skin test reactivity to Candida antigen were reduced in HIV-positive persons with CD4 cell counts !200 cells/mL, irrespective of Candida infection status. The correlation of reduced skin test reactivity with progressive immunodeficiency, as measured by reduced CD4 cell counts, is consistent with published reports [60] ; however, this reduction in skin test reactivity clearly could not be used as an indicator of susceptibility to OPC and/or VVC.
Rates of immediate skin test reactivity to Candida showed no statistically significant differences between any of the groups. Thus, hypersensitivity to Candida by IgE antibodies and mast cell degranulation also does not appear to be responsible for the susceptibility to OPC in these patients. Although IgE was never investigated previously, these results are consistent with the relatively intact nature of humoral immunity during HIV disease [38, 39] . It is interesting that there was no association between immediate hypersensitivity to Candida antigen and VVC in HIV-positive women, as is often seen in a subset of women with RVVC [56] [57] [58] .
Proliferation responses of PBMC to either of 2 Candida antigens, assessed quantitatively or qualitatively, were relatively similar, irrespective of risk behavior, HIV status, CD4 cell counts, or Candida infection status (recurrent or type), although a general trend toward reduced PBMC responses in most of those with CD4 cell counts !200 cells/mL was observed, which is consistent with reduced rates of positive delayed skin test reactivity. The only exceptions were reduced responses to one antigen, HKB, in HIV ϩ OPC ϩ persons. Taking into account the large sample size, one would expect more profound differences if susceptibility to symptomatic Candida infection were due to a general inability of PBMC to respond to Candida antigen, although, notably, the only differences were in those with OPC.
Cytokine responses by PBMC to Candida antigens showed that most individuals had a Th1/Th0-type cytokine response (associated with resistance to candidiasis) and, like proliferation, showed few differences between HIV-negative (high-or low-risk behavior) and HIV-positive persons. The exception was IFN-g production, again in response to HKB by PBMC of HIV ϩ OPC ϩ and HIV ϩ VVC ϩ persons, irrespective of CD4 cell counts. A previous study also reported a decrease in PBMCmediated IFN-g produced in response to a Candida antigen with progression to AIDS, but without reference to other cytokines and with only 2 subjects having OPC or VVC [51] . Although weak, these data might suggest some evidence for a decrease in Candida-specific Th1-type responses in those HIVpositive persons with OPC or VVC, but not for a shift to a Th2-type response. It would be presumptive, however, to suggest that a difference in 1 of 4 cytokines in response to 1 of 2 antigens in the present study indicates that Th1-type systemic Candida-specific CMI is significantly modulated in HIV-positive persons with OPC and/or VVC. Alternatively, one may argue that IFN-g, produced in higher concentrations than the other cytokines, was most likely to demonstrate differences. On the other hand, cellular responses to those with recurrent infection, which would have been expected to show the most profound differences, were similar to those with sporadic infection.
Therefore, taken as a whole, Candida-specific systemic CMI does not appear to be appreciably different between HIV-positive persons with and without OPC or VVC and HIV-negative persons. Thus, although previous reports showed no evidence for deficiencies in Candida-specific antibodies to account for susceptibility to OPC [39] , there is also no clear or consistent evidence for deficiencies in Candida-specific systemic CMI to explain, predict, or support the overt susceptibility to OPC or the correlation of OPC with reduced CD4 cell counts. This is supported further by the similarities in Candida-specific CMI in those with either OPC or VVC, despite the discordant representation of each infection during HIV disease. We recognize, however, that the use of HAART may have contributed to the lack of observed differences between the study groups. Although conceivable, stratification of results based on HAART showed no distinct pattern for those receiving HAART versus those that were not (data not shown). In fact, most of those with VVC were not receiving HAART, whereas those with OPC were. Furthermore, despite the use of HAART, those with CD4 cell counts !200 cells/mL had significantly higher HIV virus loads (mean, 227,700 copies/mL), compared with those with CD4 cell counts у200 cells/mL (mean, 25,360 copies/mL; P ! ), irrespective of OPC status. .0001
Our data, therefore, suggest that protection against OPC or VVC is more dependent on factors in the local mucosal immune milieu than systemic CMI. Indeed, a salivary Th0/Th1-type cytokine profile has been reported in HIV-negative persons, whereas a Th2-type cytokine profile was observed in HIV-positive persons together with a more profound Th2-type profile in those with OPC [37] . In addition, recent studies show that oral and vaginal epithelial cells can inhibit the growth of C. albicans in vitro, which suggests a potential role for epithelial cells in innate host defense against C. albicans at mucosal sites [60, 61] . Although this is the first evidence of its kind for OPC, the concept presented here suggesting a stronger role for local immunity in cases of VVC is similar to that suggested by studies of women with RVVC [33] and by studies that use an experimental murine vaginitis model [32, 62] .
The question remains, however, as to which factors account for the widely reported correlation of reduced CD4 cell counts with OPC [1] [2] [3] [4] . One possible explanation is that systemic CD4 T cells are not involved in protection against Candida infection at the oral mucosa and that the correlation of reduced, yet largely functional, CD4 T cells to OPC is merely an indicator of a deficiency or dysfunction in independent immune mechanisms at the oral mucosa. Alternatively, the systemic-derived CD4 cells may, in fact, play a role in protection at the oral mucosa but, to provide protection, must be maintained at a certain threshold in the peripheral circulation. Hence, as circulating CD4 cell counts decline, there are simply not enough CD4 cells capable of keeping Candida "in check" at the mucosal surface. This is supported by the ∼95% rate of OPC that is observed in HIV-positive persons at some time during disease progression. Below the threshold, local immune mechanisms must take over exclusively. Additional evidence for a local immune role comes from individuals, albeit small in number, who acquire OPC with higher levels of CD4 cells and from those who acquire recurrent OPC. A site-specific deficiency in immune function would also explain the general lack of susceptibility to acute or recurrent candidal infections at other mucosal or systemic sites in those with OPC. Studies to examine local immunity in those with OPC will not only help elucidate local immune deficiencies associated with OPC but also will help define those factors associated with erythematous versus pseudomembranous types of OPC.
